Study objectives: Sarcoidosis is a granulomatous disorder primarily affecting the lung, but with frequent extrapulmonary organ involvement. There are no comprehensive scoring systems for sarcoidosis disease severity. Our goal was to develop and validate an objective and comprehensive sarcoidosis disease severity scoring system. Design: Three sarcoidosis experts reviewed clinical data on 104 patients with biopsy-confirmed sarcoidosis. Each expert independently scored disease severity using a visual analog scale. Interrater agreement was assessed. Univariate analysis was performed, and those variables with p values < 0.25 were used in backward regression multivariable analysis. A model was obtained including variables with a p value of < 0.15 to predict severity scores. This model was subsequently validated using an independent panel of three additional international experts. 
porate extrapulmonary sites of organ involvement and/or have not been validated in an adult sarcoidosis population.
Most sarcoidosis severity scoring systems have relied on the chest radiograph Scadding stage, as defined in Table 1 . 2 Associations have been found between the Scadding staging system and disease course, with the likelihood of spontaneous remission decreasing with increasing Scadding stage. [2] [3] [4] [5] [6] [7] In addition, lung function abnormalities have been observed in only 20% of patients with stage I disease, compared with 40 to 70% of patients with stage II, III, or IV disease. 2, 8, 9 Muers et al 10 designed a more detailed assessment of radiographic severity with a score that incorporated the following four categories of abnormalities, each of which was graded as to extent and profusion: reticulonodular shadows; mass opacities; confluence; and fibrosis. They found significant correlations between the reticulonodular and fibrosis scores and the dyspnea score, spirometry values, and diffusing capacity of the lung for carbon monoxide (Dlco) at several time points, with a higher score correlating with worse dyspnea and lower lung function. A shortcoming of this system is that it requires establishing two readers with acceptable levels of interobserver reliability, which may limit the generalization of its use. Both the Scadding and Muers radiographic scores are limited in their assessment of sarcoidosis severity by the disparities that may be seen between chest radiograph appearance and functional impairment, and by the focus only on pulmonary disease.
Two previous studies have devised scoring systems specifically to follow sarcoidosis disease severity over time. Gedalia and coworkers 11 developed a global disease severity score to assess the efficacy of methotrexate as a steroid-sparing agent in children with sarcoidosis. The authors assigned a point value to each of nine sites of organ involvement and/or symptoms. The British Thoracic Society 12 developed a relativistic sarcoidosis severity score that focused exclusively on the lung for its study of long-term corticosteroid treatment of sarcoidosis. This score assigned point values of ϩ 1, Ϫ1, or 0, respectively, to indicate improvement, deterioration, or no change in the categories of lung function, breathlessness, and chest radiographic evidence of fibrosis. In both of these studies, scores were useful in discriminating among treatment groups. However, neither score provided a multiorgan assessment of disease severity in an adult sarcoidosis population.
Our goal was to devise and validate a comprehensive sarcoidosis severity scoring system that would incorporate readily available objective clinical parameters at a single time point, including the extent of pulmonary disease, the extent of extrapulmonary organ involvement, patient demographic variables, disease duration, and treatment. We wanted to create an instrument that would be straightforward to use with limited clinical information, and that would not rely on more subjective assessments such as patient symptoms. We used the opinion of an expert panel, expressed as a visual analog score of global sarcoidosis severity, as our "gold standard." Clinical parameters were then assessed for their contribution to a model that would predict this score. The score was subsequently validated using an international expert panel. The multivariable model provides a potential research tool for measuring overall disease severity in sarcoidosis at a single time point, using objective clinical data.
Methods and Materials

Study Population
Sarcoidosis patients (n ϭ 104) were recruited from the granuloma clinic at National Jewish Medical and Research Center between January 2002 and August 2004. All patients met the diagnostic criteria for sarcoidosis established by the American Thoracic Society consensus panel. 2 All study subjects were adults between the ages of 18 and 70 years, and provided their informed consent. The consent and the protocol were approved by the National Jewish Medical and Research Center Institutional Review Board.
Clinical Assessment
Study participants completed a modified version of the American Thoracic Society respiratory questionnaire, which includes information on smoking status, gender, self-reported race and ethnicity, age, and medication use. 13 Information about medication use included treatment with prednisone, whether that treatment was current or in the past, and the current use of noncorticosteroid immunosuppressive agents, including methotrexate, cyclophosphamide, cyclosporine, azathioprine, chlorambucil, pentoxifylline, and thalidomide. Medical records were reviewed to extract clinical indicators of disease severity, including pulmonary function parameters (ie, FEV 1 , FVC, FEV 1 /FVC ratio, Dlco, and total lung capacity [TLC] as raw numbers and percent predicted) and the assessment of 15 sites of organ involvement using the A Case Control Etiologic Study of Sarcoidosis (ACCESS) assessment instrument. 14 This instrument defines the criteria for the definite, probable, and possible involvement of each of the following organs or organ systems: lungs; nervous system (CNS or peripheral); nonthoracic lymph node; kidney; heart; skin; eye; liver; bone marrow; spleen; bone/joint; ear/nose/throat; parotid/salivary gland; muscles; and calcium metabolism. Individuals with definite or probable involvement, as defined by these criteria, were considered to have involvement at that site. During chart review, the biopsy date was also recorded and used to define the date of diagnosis and to calculate disease duration in years. Disease duration was defined as the difference between the biopsy date and the date of enrollment.
For each subject, a chest radiograph obtained within 1 year of study enrollment was reviewed and staged by two pulmonologists using the Scadding staging system. 2 If discrepant interpretations occurred, a third reviewer was used to determine the chest radiographic stage.
Panel Assessments of Sarcoidosis Severity
The initial expert panel consisted of three sarcoidosis experts from National Jewish Medical and Research Center (L.M., C.R., and Y.W.), who met to review and score cases. The clinical history for each subject was summarized based on a brief review of the medical record, in most cases by the subject's treating physician. The summaries included information on disease manifestations, biopsy site, treatment efforts (ie, therapeutic agent, dose, and duration), therapeutic response, general clinical course, and smoking history, but not race or ethnicity. Each initial panel member was also provided with a summary data sheet containing the pulmonary function and organ involvement data described above and the chest radiograph Scadding stage. Each panel member then independently rated disease severity using a visual analog scale (VAS) ranging from 0 to 10. This scale consisted of a 5-inch horizontal line, with one end marked with a 0, which was defined as an asymptomatic individual with disease discovered incidentally and not requiring treatment, and the other end marked with a 10, which was defined as the presence of severe and/or life-threatening end-organ dysfunction, for example, requiring consideration of transplantation. The distance (in inches) from the 0 mark to the panelist mark was measured and multiplied by 2 to obtain the value for that expert's severity assessment.
In order to assess the validity of the disease severity model derived from the initial panel scores, a panel of three independent outside sarcoidosis specialists (J.G., Y.I., and M.J.) reviewed the same clinical information for each subject that had been presented to the initial panel. Specifically, the sessions during which the initial panel reviewed the cases were recorded and transcribed. The transcribed information consisted of the clinical history as presented by the clinician and as described above, edited into paragraph form. This was provided to the validation panel reviewers, along with the summary data sheet described above. The validation panel reviewers then scored the subjects independently using a VAS, as the initial reviewers had.
Statistical Analysis
Descriptive statistics were performed for demographic and clinical characteristics, and for the visual analog scores of each initial panel expert. We used three methods for the pairwise assessment of interrater agreement among the initial panel experts. First, differences between the visual analog scores for each pair of reviewers were calculated; a Student t test was used to assess whether the mean difference for each pair of reviewers was different from 0. Second, Spearman correlation coefficients were calculated for each pair of reviewers. Finally, an intraclass correlation coefficient was calculated for all three reviewers to assess the overall agreement among the three reviewers. This statistic is a measure of reliability and is equivalent to the appropriate average of the correlations among all pairs of tests. These pairwise comparisons were also performed for the validation panel experts.
The statistical analysis, which was performed in order to transform the highly consistent but subjective initial panel scores into a severity model using objective clinical measures, was completed in two steps. Due to small cells, these two variables were analyzed as dichotomous; it is this analysis that is reported in the "Results" section. Backward multiple linear regression was then performed (SAS, version 8.1; SAS Institute; Cary, NC) to derive the model for disease severity score. The initial panel mean score was the dependent variable, and variables with a p value of Յ 0.25 in the univariate analyses were the independent variables. In addition, categories of organ involvement in which Ͻ 10% of the total group was affected were excluded, unless there was a compelling clinical reason to include this site. Variables with a significant nonnormal distribution were log-transformed prior to inclusion in the regression model. The potential for multicollinearity among the spirometric variables was considered. It is true that these variables are correlated, with correlation coefficients of 0.85 (FEV 1 and FVC), 0.61 (FEV 1 and FEV 1 /FVC ratio), and 0.18 (FVC and FEV 1 /FVC ratio). Among these, the pair that raises some concern for multicollinearity is FEV 1 and FVC. However, in the context of sarcoidosis, which may present with either restrictive or obstructive lung disease, each of these parameters may contribute independently to an overall characterization of lung function. In addition, our expectation was that should more than one of these variables actually represent the same aspect of variance in disease severity, one of them would be removed from the model. Therefore, we included all three variables in the regression. We also performed an evaluation of variance inflation factors for the variables in the final models to evaluate for the possibility of multicollinearity. As a general rule, variables with a variance inflation factor of Ͼ 10 may be collinear with, and therefore replaced by, a linear combination of other independent variables. To remain in the final model, variables had to have a p value of Յ 0.15.
The final step in the analysis was the validation of scores derived from the final model by comparing them to the validation panel scores. This was achieved using the same techniques described above for the pairwise assessment of agreement within the initial panel. Specifically, differences between the modelpredicted scores and the scores of each validation panel reviewer were calculated; a Student t test was used to assess whether the mean difference from the model-predicted scores for each reviewer was different from 0. Second, Spearman correlation coefficients were calculated for the model-predicted scores and each reviewer's scores. Finally, an intraclass correlation coefficient was calculated.
Results
Characterization of Study Population
The study population consisted of 39 men and 65 women. The demographic features of this group are presented in Table 1 . Of note, the race distribution of sarcoidosis patients in this population reflects the local demographics for Colorado. The clinical characteristics of the patient population are summarized in Tables 1 and 2 , and reflect a wide range of chest radiograph Scadding stage and organ involvement. All but one subject had pulmonary involvement, with a variety of lung function abnormalities. Approximately half of the subjects had a decreased FEV 1 percent predicted, and 41% had a decreased FVC. The vast majority of subjects (88%) had a normal TLC, while 60% had a decreased diffusion capacity. There was a wide range of disease duration, from 1 month to Ͼ 22 years. The distribution was skewed toward shorter duration, with a mean time of 5.3 years and a median time of 4 years. At study enrollment, 59% of subjects were receiving prednisone, and 31% were receiving noncorticosteroid immunosuppressive agents, including methotrexate, cyclophosphamide, and azathioprine, as detailed in Table 1 . We did not use anti-tumor necrosis factor agents for the treatment of sarcoidosis at the time of study initiation; therefore, these agents were not included in our questionnaire.
Description of Rater Data
The distribution of scores of the three initial panel reviewers is demonstrated in Figure 1 . Three statistical tests were performed to compare these scores. First, the distribution of pairwise differences between the reviewer scores was evaluated. The differences were all normally distributed with a mean not statistically different from 0. The differences were within 1 point (Ϯ 1) in 58 to 65% of subjects, and within 2 points (Ϯ 2) in 80 to 89% of subjects. Second, the pairwise assessment of interrater agreement yielded high degrees of correlation, ranging from 0.86 to 0.89, as demonstrated in Figure 2 . Finally, the intraclass correlation coefficient among the initial reviewers was similarly high at 0.87.
The distribution of scores of the three validation panel reviewers is demonstrated in Figure 3 . The three statistical tests described above were used to compare these scores. The distributions of pairwise differences among reviewer scores were all normally distributed, but for two of the pairs the mean was statistically different from 0 (actual values, 0.37 and 0.6). The differences were within 1 point (Ϯ 1) in 38 to 54% of subjects, and within 2 points in 78 to 81% of subjects. The pairwise assessment of interrater agreement again yielded high degrees of correlation with Spearman correlation coefficients of 0.73 to 0.80. Finally, the intraclass correlation coefficient was also high at 0.75.
Derivation of Sarcoidosis Severity Score
Univariate Analysis: Univariate analyses were performed comparing the clinical variables with the mean score from the initial panel, using Student t test or analysis of variance for independent categoric variables or correlation coefficients for continuous independent variables. All of the variables evaluated and the p values for their associations with the initial panel mean score are summarized in Table 3 . We found significant associations with modest correlations between the initial panel mean severity score and the TLC percent predicted, Dlco percent predicted, FEV 1 percent predicted, FVC percent predicted, FEV 1 /FVC ratio, race, smoking status, disease duration, current corticosteroid therapy, current or recent noncorticosteroid immunosuppressive therapy, cardiac involvement, neurologic involvement, and skin involvement. These were all of the variables that were initially entered into the multivariable analysis.
Multivariable Analysis: Backward regression analysis was used to derive the multivariable model, which is summarized in Table 4 . These results can also be summarized as the following equation:
Severity score ϭ 11.47 ϩ 3.51 ͑C͒ ϩ 2.27 ͑N͒ The most statistically significant contributors to the final model were cardiac involvement, neurologic involvement, and the use of a noncorticosteroid immunosuppressive agent (listed above) within 30 days of study participation. These three variables and the Dlco percent predicted had the largest standardized parameter estimates, and therefore the greatest impact on the final model-predicted scores. Of note, the analysis of the final variables in this model revealed variance inflation factors far Ͻ 10, indicating no collinearity among the final variables.
Since full pulmonary function test results are often not available on some clinical subjects and many research subjects, whereas spirometry usually is, we also derived a version of the score from the same data, but excluding both TLC and Dlco percent predicted from the regression analysis. This modified version of the score is summarized in Table 4 . These results can again be presented in the form of the following equation:
Severity score ϭ 11.46 ϩ 3.9 ͑C͒ ϩ 2.56 ͑N͒ ϩ 1.56 ͑IS͒ Ϫ 0.051 ͑FVC % predicted͒ ϩ 1.75 ͑AA͒ Ϫ 0.054 ͑FEV 1 /FVC͒ with variables C, N, IS and AA defined as above. Aside from the excluded lung function variables, the model resulting from this analysis differed from the first in that skin involvement did not contribute significantly enough to remain in the model. The most statistically significant contributors to this model were similar to the first model, with cardiac involvement, neurologic involvement, and immunosuppression, but in this case they also included FVC percent predicted. The variables with the largest standardized parameter estimates were cardiac involvement, FVC percent predicted, and neurologic involvement. The evaluation of variance inflation factors again revealed no evidence of collinearity among the variables in this final model.
Validation of the Sarcoidosis Severity Score
The first model in Table 4 was used to calculate severity scores for each of the study subjects. These calculated scores were then compared to the scores obtained from the validation panel of outside reviewers by employing the same three analytic methods used to compare the scores of reviewers on the initial panel. First, the distribution of pairwise differences between the predicted scores and each reviewer's scores was evaluated. The differences were all normally distributed. The mean of the differences was not statistically different from 0 for two of the three reviewers, with the third reviewer having a statistically different mean of 0.37. The differences were within 1 point (Ϯ 1) in 45 to 55% of subjects, and within 2 points (Ϯ 2) in 70 to 84% of subjects. Second, the pairwise assessment of agreement (Spearman ) between the predicted scores and the reviewer scores yielded high degrees of correlation, ranging from 0.66 to 0.76. Finally, the intraclass correlation coefficient was 0.74. These analyses were repeated for the modified version of the score (Table  4) , which were obtained with only spirometric lung function data. The results were similar, with the differences between the predicted and reviewer scores all being normally distributed; with means not statistically different from 0 except for the third reviewer, who had a mean difference again of 0.37. The differences were within 1 point (Ϯ 1) in 43 to 53% of subjects, and within 2 points (Ϯ 2) in 73 to 81% of subjects. Pairwise assessments of agreement (Spearman ) between the predicted scores and reviewer scores were similar, with values of 0.66 to 0.76. Finally, the intraclass correlation coefficient was 0.73, again validating this modified version of the score.
Discussion
Summary
Sarcoidosis is a disease with great phenotypic diversity, with the potential for numerous sites of organ involvement, varying levels of disease activity, and varying degrees of long-term organ dysfunction resulting from periods of active inflammation and, potentially, fibrosis. Our purpose in this study was to create a research tool that would incorporate these many aspects of the disease into a single measure of severity that could be derived from readily available clinical information from a single time point. Such a severity scale, if found to be valid and robust across a diverse group of sarcoidosis clinicians, could prove to be useful in studies that examine genetic or other risk factors for disease severity. Using a clinically diverse population of sarcoidosis subjects, we first demonstrated the utility of expert opinion as a "gold standard" measure in this disease by confirming very high levels of agreement among the scores assigned by the initial panel of reviewers. These highly consistent subjective scores were then used to derive a multivariable model for a severity score based on objective clinical data. This model was then validated by the comparison of modelpredicted scores to scores assigned by a validation panel of outside experts who independently reviewed the same clinical data as the initial panel.
Components of the multivariable model included current therapy with noncorticosteroid immunosuppressive agents, specific sites of organ involvement (ie, neurologic, cardiac, and skin), several parameters of lung function (ie, Dlco percent predicted, FVC percent predicted, and FEV 1 /FVC ratio) and African-American race. We then derived a second simplified model (excluding Dlco percent predicted and TLC percent predicted from the analysis), which was also validated by comparison to the scores assigned by the validation panel. Interestingly, this model was similar to the first, including noncorticosteroid immunosuppressive therapy; neurologic and cardiac involvement, but not skin involvement; two measures of lung function (FVC percent predicted and FEV 1 /FVC ratio); and African-American race.
Use of Expert Panel as "Gold Standard"
One of the greatest challenges in this endeavor was to define a "gold standard" for sarcoidosis severity. By analogy, researchers have previously developed severity scores for idiopathic pulmonary fibrosis (IPF), including the clinical, radiographic, and physiologic (CRP) scoring system 15, 16 and the composite physiologic index (CPI). 17 Each of these systems defined a "gold standard" for severity, consisting of histopathologic findings, survival, or extent of disease as determined by CT scan. The updated CRP scoring system and the CPI then determined the clinical, radiologic, and/or physiologic variables that best predicted the "gold standard" outcome. These "gold standard" outcomes are, however, not as applicable for the assessment of multisystem sarcoidosis, for several reasons. Sarcoidosis is fatal in only a small minority of patients, making survival an impractical measure of sarcoidosis disease severity, as there would be too few end points. Sarcoidosis patients are uncommonly diagnosed by video-assisted thoracoscopic or open lung biopsy; even if this material were available for review, there is no evidence to confirm a correlation between the extent of granulomatous inflammation seen on biopsy specimens and functional impairment. Similarly, extent of disease as determined by CT scan does not necessarily correlate with functional abnormalities in sarcoidosis. Finally, even if lung biopsy and chest CT findings were highly correlated with sarcoidosis severity, they only address the pulmonary manifestations of the disease. Thus, a novel, more comprehensive measure of severity was required.
The use of expert opinion to define the clinical components of a severity score is well-established. In fact, the original IPF CRP score by Watters et al 15 was devised by a team of IPF experts and then was correlated with another score based on expert opinion of IPF histopathologic findings. Similarly, scoring systems derived based on expert opinion have been used in patients with cystic fibrosis, 18, 19 and were subsequently validated using outcomes such as survival and sensitivity for changes in clinical course. Sarcoidosis severity assessments have been applied mainly in studies of treatment efficacy or genetic associations, and have included a variety of primary or secondary individual clinical measures to assess disease status. These assessments have included symptoms, chest radiograph appearance, lung function, laboratory studies of blood and BAL fluid, quality-of-life measures, changes in therapy, gallium scan findings, and miscellaneous measures such as the severity or extent of other organ involvement. 20 -31 Other approaches have defined severity based on chronicity (resolving vs persistent disease), the occurrence of relapses, or whether the initial presentation was consistent with Lofgren syndrome, an acute, typically spontaneously resolving form of sarcoidosis. [32] [33] [34] [35] [36] Our approach integrates evidencebased and experience-based clinical variables that were readily accessible in our sarcoidosis patient population at a single time point, as well as potential confounders such as smoking status, to create the first comprehensive and quantitative tool to assess sarcoidosis severity. Of note, the information provided to the expert panels included all of the same categories of variables used by the authors of the original IPF CRP system, including clinical status (level of dyspnea in CRP), chest radiograph appearance, and physiologic data, including exercise physiology findings when available.
Another aspect of our use of expert opinion that deserves brief comment is the use of regression analysis based on scores from VASs in order to derive our final models. While we did not identify an example in the pulmonary literature, studies in other disciplines have used VASs as a tool to assess the severity of symptoms or illness, and then performed regression analyses on these data in order to deter- mine the variables that predict these scores. For example, a study of patients with chronic hepatitis C evaluated predictors of patient-perceived severity by asking them to make an assessment of their own disease severity on a VAS. The authors then used a regression analysis to determine which of a number of demographic, clinical, and psychological factors predicted this perceived severity. 37 A slightly different approach was used in a study 38 in which patients were asked to rate their pain on a VAS at the time of their emergency department visit and again 1 week later. Regression analysis was then used to determine the predictors of persistent pain at 1 week, which was defined as a VAS score of Ͼ 3. 38 Global assessments of disease status by clinicians have also been used. 39 There is, therefore, ample precedent in the literature for the use of a VAS, as we have done in this study.
Putting Multivariable Model Variables Into
Context: Do They Make Sense?
Our models both extend and diverge from previous investigations of sarcoidosis severity. In a number of studies assessing sarcoidosis outcome or progression, measures of lung function have been associated with disease severity. As in our study, Mana et al 36 found a decreased FVC at the time of diagnosis (Ͻ 80% predicted) to be one of several variables that are predictive of disease persistence over Յ 5 years of follow-up. A Danish study 40 examined mortality in a cohort of 254 patients with pulmonary sarcoidosis who had been followed up for a median of 27 years and found that abnormal lung function at diagnosis (ie, FEV 1 , Յ 50% predicted; TLC, Յ 80% predicted; or FEV 1 /FVC ratio, Ͻ 70%) significantly increased the risk of death from sarcoidosis or sarcoidosis-related diseases. Our findings also emphasize the importance of Dlco percent predicted in assessing sarcoidosis severity, as it was a highly significant component of our multivariable model, in addition to FVC percent predicted and FEV 1 /FVC ratio. This is not surprising, especially when considering the contribution of Dlco to the original CRP and CPI scores for IPF. It is also interesting to note that among the spirometric variables, of the two that were most highly correlated, FEV 1 and FVC percent predicted, only one remained in the model. Thus, as we expected, the regression analysis accounted for the similarity in what these variables were measuring by removing one from the model.
It is interesting that African-American race was a significant contributor to both models, even though race was not included in the data provided to reviewers during scoring. The association of AfricanAmerican race with more severe disease again confirms what has been reported in the literature. Previous studies 2, 41, 42 have shown that African Americans have a higher rate of extrathoracic involvement, particularly with features associated with a poor prognosis such as lupus pernio, chronic uveitis, and cystic bone disease, along with more chronic disease and a higher rate of relapse.
It is noteworthy that the Scadding stage seen on chest radiographs was not significantly associated with the mean initial panel score in the univariate analysis. This is of particular interest, as a number of studies support the prognostic relevance of Scadding stage, demonstrating significant morbidity associated with stages II, III, and IV disease but only rare serious disease sequelae in stage I disease. Others have described 40, 43 an inverse relationship between Scadding stage and the likelihood of spontaneous remission, 2 as well as excess mortality in patients with higher disease stage seen on the chest radiograph. However, other studies 36, 41 have not found chest radiograph appearance to be a significant predictor of disease persistence. It is possible that in these studies other variables such as lung function may have correlated highly with chest radiograph appearance, making its independent contribution to the outcome of interest negligible. Chest radiograph stage also may have not been associated in our univariate analysis because it is not a sensitive enough indicator of the underlying pulmonary abnormalities to provide a consistent measure of severity. If this were true, one might expect a chest CT scan, particularly high-resolution images, to be a better indicator of disease severity. Indeed, one study by Drent et al 44 suggests that this is the case. These investigators 44 used a high-resolution CT (HRCT) scan scoring system to evaluate the relationship between CT imaging and sarcoidosis disease severity, as measured by lung physiology, and found that several measures of lung function and exercise physiology were significantly correlated with the HRCT scores but not with the chest radiographic stage. It is possible that the inclusion of HRCT findings as a variable in our study might have altered the multivariable models; however, our goal was to create a scoring system based on commonly available clinical variables, and HRCT scans are not uniformly obtained in the clinical evaluation of patients with sarcoidosis.
Potential Limitations
To our knowledge, this study is the first to incorporate the full clinical spectrum of sarcoidosis into a single validated scoring system based on objective clinical variables. However, this severity score is preliminary and does have some limitations. One potential limitation of the primary model is that it includes some data (ie, Dlco) that may not be readily available in all patients or research subjects. We anticipated this potential problem by deriving and validating a second model using only spirometry findings, which yielded similar results when compared with the validation panel. The data suggest that the simplified spirometry model can be used to almost as good effect as the full model including data from full pulmonary function tests.
Although the scores of our validation panel correlated highly with our model-derived severity scores, the scores of one of our validation panel reviewers were statistically significantly different from the model-predicted scores. Our validation panel was international, so this difference may reflect differences in sarcoidosis clinical presentations around the world, or different physician assessment patterns internationally. For example, there may be specific clinical presentations or test results that were not considered in our model that are important in the assessment of severity by physicians in other parts of the world. In fact, the highest correlation between our validation panel reviewers and the model-predicted scores was with an American reviewer. This suggests that the multivariable models derived in this study may be best suited for use in US sarcoidosis populations or by US raters, and that further validation in European and Asian sarcoidosis populations may be needed to further strengthen the global application of this tool.
This score was designed to provide an assessment of subjects at a single time point and thus is, as yet, not proven as a measure of disease progression over time. Sarcoidosis is typically a disease that progresses over the course of months to years. We did not examine the natural history of or longitudinal changes in the clinical variables. We did attempt to account for the influence of time on disease by including disease duration in the analysis.
A potential bias in the initial scoring was that all of the reviewers on the initial expert panel were pulmonologists, and therefore potentially predisposed to give lung function abnormalities greater weight in their scoring. However, each of these reviewers also has great breadth of experience in the care of sarcoidosis patients, including an understanding of the contribution of other sites of organ involvement to disease severity.
While an important goal of this study was to incorporate the many different potential sites of organ involvement into a comprehensive score, there were several organs for which only a small number of subjects were affected. In some cases, this meant that sites of involvement with the requisite p value in the univariate analysis were not included in the multivariable analysis, due to the instability introduced into the model by small numbers. We therefore lost the ability to evaluate the contribution of those organs. In addition, since we defined organ involvement in terms of presence or absence, as defined by the ACCESS 14 instrument, we could not evaluate the relative importance of different types of involvement of a particular site. For example, a patient with cardiac involvement resulting in heart failure would clearly be clinically assessed as having more severe disease than one with an asymptomatic conduction abnormality, but for the purposes of our analysis, these individuals would have been grouped together.
Finally, by including treatment in the model we have precluded its use as a clinical tool to guide therapeutic decision making or as a tool to predict prognosis. Our primary purpose was to create a reliable tool for sarcoidosis research. A similar approach, with assessment of disease progression over time would be reasonable to derive a more clinically applicable score.
Potential Applications
Before this preliminary tool can be more broadly applied, it will need to undergo further validation. The most important issue is the applicability of this tool to different populations. Our population was recruited from a tertiary care medical center, and so likely consisted of more severely affected individuals. In addition, only 15% of our population was African American, whereas in populations recruited from other sites around the United States, this percentage is likely to be much higher. Since this group is often clinically distinct, with more severe disease, the evaluation of the instrument in a larger population of African Americans will be important. Similarly, European and Japanese sarcoidosis populations present differently with varied pulmonary and other organ involvement. Those populations therefore need to be evaluated separately as well, with specific investigation and evaluation of the factors that those physicians consider most important in a global assessment of severity. Future refinements of this system should specifically investigate the types, doses, and duration of therapy; more detailed descriptions of organ involvement; CT imaging parameters; and, importantly, changes in disease status over time. The availability of additional data regarding disease progression and survival will also provide the opportunity to validate our models against these outcomes.
With this additional validation, we anticipate that this tool will be applicable primarily in studies of factors that may contribute to the severity of sarcoidosis. For example, several gene variants, particularly in the major histocompatibility complex have been associated with sarcoidosis, and with specific forms of sarcoidosis. The HLA-DRB1*03/HLA-DQB1*0201 haplotype has been associated with milder forms of disease, particularly Lofgren syndrome, while the HLA-DRB1*15/HLA-DQB1*0602 haplotype has been associated with more severe disease, as defined by chronicity and specific clinical findings such as uveitis, chest radiograph stage, and lung function abnormalities. 45 With this scale, it should be possible to better map the severity of disease in relation to genotype.
